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Abstract

Objective: We evaluated the clinicopathological findings
and short- and long-term outcomes of prostate cancer (PCa)
patients with bladder neck invasion who underwent cysto-
prostatectomy. Patients and Methods: Between 1989 and
2005, we performed 17 cystoprostatectomies for PCa pa-
tients having bladder neck invasion without distant visceral
or distantlymph node metastasis. Of the 17 patients, 11 were
treated with neoadjuvant hormone therapy and all patients
were treated with adjuvant hormone therapy immediately
after surgery. Results: All 7 patients in whom pelvic lymph
node swelling was identified by preoperative imaging stud-
ies had pathological lymph node metastasis. Of the 10 pa-
tients judged as cNO preoperatively, 7 (70.0%) had lymph
node metastasis. Although local recurrence was found in 2
(11.8%) patients, no additional urinary diversion or inconve-
nient urinary symptoms due to PCa progression were ob-
served in any patients. The 5-year prostate-specific antigen

recurrence-free survival rate was 62.2%. Cause-specific sur-
vival at 5 years after surgery was 87.1%. The 5-year cause-
specific survival rate of node-positive patients was 92.3%.
Conclusion: Cystoprostatectomy followed by immediate
hormone therapy may be a feasible treatment option to
achieve excellent local contro! for patients with previously
untreated PCa, even in the presence of pelvic lymph node

metastasis. Copyright © 2009 S. Karger AG, Basel

Introduction

The ideal treatment for locally advanced prostate can-
cer (PCa) has long been controversial. According to the
European Association of Urology (EAU) guidelines for
¢I'3—4 PCa, the most recommended treatments are ra-
diation, hormone therapy or a combination of both,
whereas radical prostatectomy is described as an option-
al treatment only for selected patients with ¢T3 [1]. Al-
though those non-surgical treatments are usually applied
for patients with locally advanced PCa involving the
bladder neck, such conservative treatments often result
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Table 1. Patients’ clinical characteristics of PCa involving the
bladder neck

Patients 17
Age, years 647 %58
PSA at diagnosis, ng/ml 35.5%33.0
Preoperative PSA, ng/ml 20.5%26.2
cN status

NO 10

N1 7
Neoadjuvant

Yes 11

No 6

Table 2. Pathological findings of cystoprostatectomy

Pathological stage

T3NO 1 (5.8%)!
T3N1 2 (11.8%)}
T4NO 2 (11.8%)
T4N1 12 (70.6%)
Gleason score

8 1(5.8%)

9 14 (82.4%)
10 2 (11.8%)

14 (82.4%)
13 (76.5%)

Bladder invasion
Seminal vesicle invasion

! These patients received neoadjuvant hormone therapy be-
fore the operation.

in a refractory state and patients may have to depend on
ureteral stents, urethral catheters, or nephrectomy tubes
for a long time. Furthermore, such patients may have to
undergo multiple invasive procedures such as ureteral
catheterization and nephrostomy, which cause a signifi-
cant decline in quality of life (QOL).

Few studies have evaluated the outcome of cystopros-
tatectomy as atreatment of PCa with invasion to adjacent
organs (¢T4) because of a decreased incidence of T4 dis-
ease, and very few institutions perform radical surgery
for these patients; however, Leibovici et al. [2] reported
the effectiveness of salvage cystoprostatectomy for pa-
tients with primary ¢T4 disease and local recurrence fol-
lowing radiation therapy. They demonstrated that cysto-
prostatectomy for primary ¢T4 tumor provided effective
and durable palliation of lower urinary tract symptoms
(LUTS). Recent data from the Surveillance Epidemiolo-
gy and End Results (SEER) revealed that patients who
underwent radical prostatectomy for ¢T4 PCa had in-

142 Urol int 2009;83:141-145

creased survival compared with patients who received
radiation therapy alone or hormone therapy alone and
had a survival comparable to that of patients who re-
ceived combined therapy of radiation and hormone ther-
apy [3]. Furthermore, the study indicated the survival of
radical prostatectomy over combined radiation therapy
with hormonal therapy for ¢T4 PCa with lymph node
metastases [3]. Among ¢T4, compared to patients with
PCa involving the rectum or pelvic floor muscles, those
with bladder neck invasion may be better candidates for
cystoprostatectomy to achieve local cancer control and
improvement of QOL. In this study, we assessed the im-
pact of cystoprostatectomy on the clinical outcome of
patients with ¢T4 disease, especially with bladder neck
invasion.

Patients and Methods

Between 1989 and 2005, we performed 17 cystoprostatecto-
mies for PCa patients having bladder neck invasion without dis-
tant visceral or distant lymph node metastasis. Patients’ clinical
characteristics are shown in table 1. The mean age at surgery was
64.7 years. The mean serum prostate-specific antigen (PSA) level
at surgery was 35.5 ng/ml. In all patients, bone scan and abdomi-
nal computerized tomography (CT) were used for preoperative
staging. All patients were diagnosed with bladder neck invasion
of PCa by cystourethroscopy with or without bladder neck biopsy.
Neoadjuvant hormone therapy, i.e. surgical or medical castration
with LH-RH analogue or complete androgen blockage by adding
antiandrogen agents, was performed in 11 (64.7%) patients. Ileal
conduit, rectal neobladder, and Kock pouch were constructed for
urinary diversion in 7, 9, and 1 patients, respectively [4]. Patho-
logical evaluation, including the Gleason Score (GS), was per-
formed by a single pathologist (H.N.). After surgery, all patients
were treated with immediate adjuvant hormone therapy, which
included surgical or medical castration, complete androgen
blockage, or estramustine phosphate. PSA recurrence was de-
fined when the PSA level had risen to a level >0.4 ng/ml after sur-
gery. If the PSA level did not decrease <0.4 ng/ml, we considered
the operation day as recurrence day. The median follow-up period
after operation was 89.0 months. Overall survival and cause-spe-
cific survival measured from the date of the surgery was estimat-
ed by the Kaplan-Meier product limit method.

Results

Pathological findings are shown in table 2. All 7 pa-
tients in whom pelvic lymph node swelling was identified
by CT scan had pathological lymph node metastases. Of
the 10 patients in whom pelvic node swelling was not de-
tected preoperatively, 7 (70.0%) had lymph node metas-
tasis. All 17 patients had high-grade tumors (GS 8-10)

Kumagzawa et al.
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Fig. 1. PSA recurrence-free survival in PCa patients with bladder
neck invasion. The projected 5-year PSA recurrence-free survival
rate was 62.2%.

and 14 (82.4%) had GS 9 tumors. Cancer invasion into the
bladder neck was pathologically demonstrated in 14 pa-
tients (82.4%). Seminal vesicle invasion was found in 13
patients (76.5%).

PSA recurrence after surgery was observed in 8 pa-
tients (47.1%). The projected 5-year PSA recurrence-free
survival rate was 62.2% (fig. 1). Six patients (35.3%) died
as a direct result of cancer progression. One patient died
of causes not related to PCa with no evidence of biochem-
ical recurrence. The actuarial cause-specific survival at
5 years was 87.1% (fig. 2). The median survival was 156
months.

Of 14 patients with pelvic lymph node metastasis, 6
patients died of PCa. The 5-year survival rate of pN1 pa-
tients was 92.3%. The median survival of pN1 patients
was 124 months. Although the number of patients was
small, there was no significant difference in cause-spe-
cific survival between pN1 and pNO patients (fig. 3).

There were no treatment-related deaths or major peri-
operative complications (table 3). Of the 17 patients, 2
(11.8%) developed local recurrence but had no subjective
symptoms until death. One patient had an ileal conduit
diversion 65 months after cystoprostatectomy with rec-
tosigmoidal neobladder construction due to primary
rectal cancer. Nine patients whose death related to PCa
were not concerned by urinary tract symptoms before

death.

Cystoprostatectomy for Prostate Cancer
Involving the Bladder Neck
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Fig. 2. Cause-specific survival in PCa patients with bladder neck
invasion. The actuarial cause-specific survival at 5 years was
87.1%.
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Fig. 3. Cause-specific survival stratified by pN status. There was
no significant difference between pN1 and pNO patients.

Discussion

PCa involving the bladder neck often irritates patients
with various LUTS, including micturition pain, dysuria,
ischuria, and hematuria, and is recommended to be treat-

Urol Int 2009;83:141-145 143
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Table 3. Perioperative complications

Wound infection 3 (17.6%)
Prolonged intestinal paralysis 6 (35.3%)
Pelvic abscess 1(5.9%)
Acute pyelonephritis 1(5.9%)

ed with radiation therapy and/or hormone therapy in
most of the current guidelines [1]. However, the refrac-
tory state after conservative treatments often worsens the
patients’ QOL by recurrent LUTS, prolonged urine drain-
age using a catheter or stent in the urinary tract which
sometimes induces complications such as dislodgement,
obstruction, bladder spasm, bleeding and infection. Lei-
bovici et al. [2] recently reported the clinical implication
of cystoprostatectomy in 17 primary ¢T4 PCa patients
with a mean follow-up period of 25 months and conclud-
ed that cystoprostatectomy provides effective and dura-
ble palliation in patients with locally advanced PCa. Sim-
ilarly, in our institution, cystoprostatectomy was per-
formed in PCa patients with bladder neck invasion
showing severe LUTS for the purpose of relieving those
symptoms. All patients in our study, including patients
who developed local recurrence, had no local symptoms
or no need for catheters for urinary tract obstruction un-
til death. Although no study has compared QOL after
conservative treatment and surgical intervention in PCa
patients with bladder neck involvement, our results indi-
cate that cystoprostatectomy may be a treatment option
in these patients.

In our relatively long-term follow-up study with a me-
dian period of 89.0 months, the 5-year cause-specific sur-
vival rate reached 87.1%, although the number of patients
was small. Fowler et al. [5, 6] reported that the 5-year sur-
vival rate of patients with locally progressive PCa who
were treated with hormone therapy alone was 92% with
a mean follow-up of 78 months. Bolla et al. [7] compared
the results of combined hormone therapy and radiother-
apy with those of radiotherapy alone in locally advanced
PCaand reported that overall survival at 5 years was 79%
in the combination group and 62% in the radiotherapy-
alone group. When performing radical cystoprostatec-
tomy for PCa involving the bladder neck, the possibility
of overtreatment should be considered; however, all pa-
tients with PCa involving the bladder neck had high-
grade (GS 9-10) cancer in this study, which is a potent
significant risk factors of poor outcome, and a consider-
able number of these patients are likely to develop disease

144 Urol Int 2009;83:141-145

progression and inconvenient LUTS in a short period of
time. Since salvage surgery for recurrent PCa after radia-
tion therapy is known to be expected with a high inci-
dence of morbidity [8-10], cystoprostatectomy as an ini-
tial treatment for these patients is suggested to be accept-
able from the aspect of both efficacy, morbidity and
mortality. On the other hand, of 17 patients, 3 (17.6%)
were downstaged to T3 disease, suggesting that radical
prostatectomy rather than cystoprostatectomy might
have been indicated for those patients. In our study, em-
ploying retrospective analysis, it is possible that some bias
in patient selection may affect the evaluation of the clin-
ical outcome. Further study should be conducted to elu-
cidate which patients are likely to benefit from cystopros-
tatectomy in terms of prolongation of survival.

Our study showed that, although patients with PCa
involving the bladder neck had frequent lymph node me-
tastasis (82.4%), the 5-year cause-specific survival rate of
patients even with lymph node metastasis was 92.3%,
which showed no significant difference in survival be-
tween pNO and pN1 patients. Recently, Johnstone et al. [3]
reported that radical prostatectomy with or without hor-
mone therapy appeared to have a survival benefit, espe-
cially in ¢T4 PCa patients with positive regional lymph
node compared to those with negative lymph node status.
Messing et al. [11] reported that immediate hormone
therapy after radical prostatectomy and pelvic lymphad-
enectomy improved 5-year cause-specific survival by
about 15% in patients with node-positive PCa, although
the study targeted patients with ¢T2 disease. From the
results of these studies and our study, cystoprostatectomy
is suggested to be applicable in ¢T4 PCa patients with
node-positive disease. In our study, all the 17 patients re-
ceived adjuvant hormone therapy immediately after the
surgery. However, such adjuvanthormonal therapy might
not be required in some patients when an undetectable
postoperative PSA level was achieved. In addition, some
patients could have benefited from postoperative radio-
therapy instead of adjuvant hormonal therapy.

In conclusion, cystoprostatectomy followed by imme-
diate hormone therapy may be a feasible option for se-
lected patients with previously untreated PCa involving
the bladder neck because of excellent local control and
long-term survival. A further large-scale study with a
longer follow-up is warranted to validate extensive surgi-
cal management as part of a multidisciplinary approach
for locally advanced PCa and to elucidate which patients
benefit from such surgical treatment regarding survival

and QOL.

Kumazawa et al.
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OBJECTIVE

To investigate the possible significance of
tumour dimensional variables, including
maximum tumour diameter (MTD),
maximum tumour area {MTA} and total
tumour volume (TTV), with standard
prognostic factors for predicting prostate-
specific antigen (PSA) recurrence after
radical prostatectomy (RP).

PATIENTS AND METHODS

Serial whole sections of the prostate from
164 patients who had RP for localized
prostate cancer were investigated. Cox

. proportional hazards regression models

INTRODUCTION

A standard treatment for patients with
clinically localized prostate cancer is radical
prostatectomy {RP). It has been reported that
recurrent detectable serum PSA levels after RP
are a reliable indicator of residual cancer that
can provide evidence of tumour recurrence
months or years before a clinical
determination of treatment failure {1].
Biochemical failure is not uncommon after RP
and it is important to characterize the
pathological features of the RP specimen that
might be used to predict biochemical failure
and progression, to predict recurrence and
initiate adjuvant therapy. The pathological
assessment of RP specimens can identify

© 2009 THE AUTHORS

JOURNAL COMPILATION © 2009 BJU INTERNATIONAL | 104, 1215-1218 | doi:10.1111/j.1464-410X.2009.08548.x

were used for univariate and multivariate
analyses to test the relationships between
biochemical failure and clinicopathological
factors, including tumour dimensional
variables. The results were analysed
retrospectively to develop a prognostic
factor-based model for risk stratification.

RESULTS

In the univariate Cox proportional hazard
model, pathological T stage, Gleason score,
perineural invasion, microvascular invasion,
positive surgical margins, MTD, MTA and
TIV were significantly associated with
biochemical failure. In the multivariate Cox
proportional hazard model using a stepwise
inclusion of these factors, Gleason score,
positive surgical margins and MTD were
independent indices in association with
biochemical failure. Using the three

features, such as Gleason score, margin
status, vascular/lymphatic invasion,
perineural invasion (PN1) and tumour
dimensions. Among these variables, tumour
volume is the most commonly used measure
of the amount of tumour, which is a well-
recognized predictor of biclogical behaviour
in many organs. In the case of prostate cancer,
tumour volume has particularly been
considered to be a major determinant of the
biological behaviour [2,3]. There are several
different methods of evaluating the tumour
volume in prostate cancer, but accurate
measurement is difficult and time-consuming
because tumours are often multifocal.
Therefore, an alternative method of
estimating tumour size is desirable. Among

89

statistically significant variables, the relative
risk of biochemical failure could be
calculated.

CONCLUSION

These results imply that MTD is possibly one
of the most important prognostic factors for
predicting biochemical recurrence after RP.
As calculating the MTD on the section a
rapid, simple and objective method, it can be
used instead of the TTV calculation. The
prognostic factor- based risk stratification
might help clinicians to predict biochemical
failure after RP.

KEYWORDS

prostate cancer, tumour volume, tumour
diameter, biochemical recurrence

tumour size variables, tumour length or

area of the largest focus could be good
candidates for fast, easy and objective
methods of estimating the amount of tumour
[4-7].

We investigated the possible significance of
tumour dimensional variables, with standard
prognostic factors, for predicting PSA
recurrence after RP. Risk stratification is an
important issue in cancer treatment because
it can facilitate a more accurate prediction of
outcome and provide a more homogenous
population for the most appropriate
therapeutic approach. Therefore in the
present study a prognostic factor-based
model for risk stratification was developed.
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PATIENTS AND METHODS

In all, 164 patients (mean age 65.6 years,
range 52-74) were included in the study;
patients were excluded when radiotherapy or
androgen-deprivation therapy was used
before RP. The mean (median) preoperative
serum PSA fevel was 11.5 (8.0) ng/mL. All
patients had RP at our institution, and
prostate cancer was histologically confirmed
before RP by TRUS-guided needle biopsy
using a 10-MHz endorectal transducer.
Indications for prostate biopsy were an
abnormal DRE andfor a serum PSA level of
>4.0 ng/mL. Clinical stage was assessed by the
DRE, abdominal and pelvic CT, MRl and bone
scan, in accordance with the 1997 TNM
classification. Of the 164 patients, 114 were
considered to have clinical stage T1c and 50
to be clinical stage T2 tumours. The RP
specimens were examined using fixed and
paraffin-embedded sections. The entire
specimen was serially blocked at 4-mm
intervals with a knife. Tumours were graded
according to the Gleason grading system.
Extracapsular extension (ECE) was defined as
a tumour extending outside of the prostate
into the periprostatic soft tissues, so tumour
invasion of the prostatic capsule without
penetration was not ECE. Seminal vesicle
invasion (SVI) was diagnosed when tumour
penetrated the muscular coat of the seminal
vesicles. Pathologically organ-confined
tumours were categorized as pT2 tumours.
PNI was diagnosed when there was tumour
extension along the perineural sheath.
Microvascular invasion (MVI) was diagnosed
when the tumour penetrated the endothelial-
lined spaces. We did not differentiate
lymphatics from blood vessels, as
distinguishing them is difficult in the

- prostate. The tumour border was outlined on

the coverslip of the slide using a marking pen.
The length of the largest single tumour focus
{maximum tumour diameter, MTD) was
determined by marking both ends of the
lesion with a pen and measuring this distance
directly on the glass slide with a ruler. The
tumour area on each slide was measured with
commercially available software. The area of
the largest single tumour focus (maximum
tumour area, MTA} was determined. The
volume of each cancer was calculated as the
sum of the surface areas for that tumour
multiplied by the thickness of the prostate
slice {total tumour volume, TTV).

The clinical follow-up was 12-99 months,
serum PSA levels were measured after RP at
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least every 3 months. Biochemical failure was
defined by an increase in serum PSA levels
of >0.2 ng/mL. Cox proportional hazard
regression models were used for univariate
and multivariate analyses to test the
relationships between biochemical failure and
pathological factors. For statistical analyses,
Gleason score was divided into three groups
of <6, 7 and =8. Continuous tumour
dimensional variables {(MTD, MTA and TTV)
were analysed as dichotomous variables
according to "optimum’ thresholds,
determined as follows. The value best
diseriminating between ‘good' and ‘poor’ PSA
recurrence-free survival was found by testing
all possible thresholds within the central 80%
of the distribution of values. All such
thresholds were then rounded to clinically
convenient values. The Pvalues for the
clinically relevant thresholds were corrected
for multiple testing [8]. Clinicopathological
features assessed in univariate analyses
include patient age, preoperative PSA level,
biopsy Gleason score, pathological T stage,
Gleason score, PNI, MVI, surgical margin
status, MTD, MTA and TIV. To obtain a
multivariate model with maximum precision
for the important variables, a stepwise
selection procedure was used.

Using the statistically significant variables in
the multivariate Cox regression analysis, the
relative risk (RR) of biochemical failure were
estimated. PSA recurrence-free probabilities
for each group were estimated using the
Kaplan-Meier method. PSA recurrence was
compared between groups using a log-rank
test. In all tests, differences were considered
statistically significant at P < 0.05.

RESULTS

Pathologically, 102 men (62.2%) had disease
confined to the prostate (pT2) and 62 (37.8%)
had extraprostatic disease {p13). Among the
62 with extraprostatic disease, ECE was
detected in 59 (85%) and 10 (16%) had SVI.
The rates of MVI, PNl and positive surgical
margins (PSM) in the 164 patients were 44
(26.8%), 117 (71.3%) and 54 (32.9%),
respectively; the Gleason score range was
5-9. The mean (range) MTD was 2.0 (0.5-4.9)
cm, the MTA 1.8 (0.1-11.0) cm? and TTV 3.9
(0.1-33.3) mL, respectively.

In the univariate Cox proportional hazard
model, pathologic T stage, Gleason score,
PNI, MVI, PSM, MTD, MTA and TTV were

significantly associated with biochemical

failure (Table 1). In the multivariate Cox
proportional hazard model using a stepwise
inclusion of these factors, Gleason score, PSM
and MTD were independent indices associated
with biochemical failure {Table 1).

Using the three statistically significant
variables in the multivariate Cox regression
analysis (Gleason score, PSM and MTD), we
developed a prognostic factor-based model
for risk stratification. The RR of PSA
recurrence could be calculated as exp

[0.85 x MTD + 0.83 x {surgical margin
status) + 0.77 or 1.34 x {Gleason score)]. In
this equation MTD <2.0 and MTD 22.0
equalled 0 and 1, respectively; negative and
positive surgical margin status equalled O and
1, respectively; Gleason score <6 equalled 0,
and 7 and 28 equalled 1, respectively. The
coefficient 0.77 was used for Gleason scores 7
and 1.34 for 28, Based on the RR of
biochemical failure, patients were divided into
three risk groups of low (RR 1.00, 44 men),
intermediate (RR 2.17-2.33, 48 men) and high
(RR 3.80-20.35, 71 men). The low-risk group
consisted of patients with a MTD of <2.0,
Gleason score <6 and negative surgical
margins. The intermediate-risk group
consisted of patients with one risk factor
(MTD 2.0 or Gleason score 7 or PSM). All
others were included in the high-risk group.
Patients with one risk factor of Gleason score
=8 were not included in the intermediate
group, but were included in the high-risk
group as their RR was calculated as 3.80. The
3- and 5-year PSA recurrence-free rates were
100% and 89% in the low-risk group, 77%
and 71% in the intermediate group and 42%
and 37% in the high-risk group, respectively.
The differences among the groups were
significant (P < 0.001 for low- vs high-risk
group, P= 0.002 for low- vs intermediate-risk
group and P<0.001 for intermediate- vs
high-risk group; Fig. 1).

DISCUSSION

Tumour volume has been thought to be a
good candidate for predicting tumour
aggressiveness. Previous studies reported on
relationships between TTV and PSA failure
[9-11]. Although data on tumour volume have
been accumulated, it is not still clear whether
the tumour volume is an independent
predictor of PSA recurrence [12-14]. Some
studies showed that tumour volume is an
independent predictor of progression [11,15].
Other studies have shown that, although
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TUMOUR LENGTH OF THE LARGEST FOCUS PREDICTS PSA RECURRENCE AFTER RP:

’ Multivariate TABLE T
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20 <0001 0015233 (1.18-461)
MIA . S '
<13 - -
513 <0001 Gleason score <6 wos used
v as the reference for Gleason
<27 score, and pl2 for ‘
>2.7 <0001 pathological stage.:

tumour volume was a significant univariate
predictor of progression, it did not provide
additional prognostic information if other
pathological features were known [9,10,16].
In the present study, tumour dimensional
variables, including MTD, MTA and TV,

were significant predictors of biochemical
recurrence in univariate analyses. it is not
surprising that they directly reflect PSA
recurrence because it was shown that MTD,
MTA and TTV were closely associated with
other pathological features [17]. As all tumour
dimensional variables are correlated with
biochemical recurrence, we consider that
their estimation is desirable in patients with
prostate cancer. Among these variables, MTD
was an independent predictor of biochemical
recurrence in clinically localized prostate
cancer even in multivariate analysis. Possible
explanations for these results include
differences in calculating tumour foci. TTVis a
sum of tumour volumes when the tumours
are multifocal and seems to reflect total
tumour activity. On the other hand, MTD
seems to reflect a character of the largest
focus of the tumours. In fact MTD seems to be
along the prostate capsule in many cases and

© 2009 THE AUTHORS

it seems likely that the probability of a tumour
having ECE is related to the extent of its
presence at the capsular surface. Perhaps the
largest focus of tumours, which have MTD, is
more closely associated with local extent of
disease than TIV. Some investigators reported
that the index tumour volume was equally
predictive of PSA recurrence as TIV [15,18].
Similar to those studies, our results suggest
that, even though most large tumours are
multifocal, tumour aggressiveness might
depend most on the largest focus. Every
sample we used in the present study was a
whole-mount step section, but different
centres might process their RP specimens
differently. in some whole-mount sections
there seems to be difficulty in calculating
tumour size variables exactly, especially in
cases with index cancer lying between
bilateral lobes. We believe the threshold value
assessed in the present study will help to
assess those cases to some extent.

Biochemical failure is relatively common in
patients treated with RP [1,19]; of those with
biochemical recurrence, 34% will develop
metastatic disease [1]. Therefore, identifying
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FIG. 1. PSA recurrence-free rates according to the
three risk groups (low-risk, MTD <2.0, Gleason score
<6 and negative surgical margin; intermediate risk,
one risk factor, i.e. MTD 22.0 or Gleason score 7, or
PSM; all others in the high-risk group). Patients with
one risk factor of Gleason score 28 were not included
in the intermediate group, but in the high-risk group.
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patients with early treatment failure

is important for patient management.

Our multivariate analysis showed that
surgical margin status and Gleason score
independently predicted biochemical
recurrence after RP, in addition to the MTD
status. Using independent predictors in
multivariate analysis we established a
prognostic factor- based risk stratification for
clinically localized prostate cancer. Patients
were stratified into three groups according
to statistical modelling based on the RR.
From this result we consider that patients
presenting with those risk factors require a
close follow-up for the early detection of
biochemical failure, or might be candidates
for a clinical trial of adjuvant or innovative
treatment. Our results provide useful
information to predict biochemical failure in
patients treated with RP.

In conclusion, the present results imply that
MTD is possibly a most important prognostic
factor for predicting biochemical recurrence
after RP. As calculating the MTD from whole-
mount sections is rapid, simple, inexpensive
and objective, it can be used instead of
calculating the TTV. The prognostic factor-
based risk stratification might help clinicians
to predict biochemical failure.
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Abstract :

Objectives: We investigated whether the phosphorylated
Fas-associated death domain protein {FADD) at serine 194
regulated human telomerase reverse transcriptase (hTERT)
expression, telomerase activity and cancer progression us-
ing prostate cancer cell lines and radical prostatectomy sam-
ples taken from patients receiving neoadjuvant hormonal
therapy (NHT). Methods: We analyzed hTERT expression,
telomerase activity and invasion capacity in prostate cancer
cell lines overexpressing the wild-type or mutant form of
FADD (5194D or A). FADD, phosphorylated FADD (p-FADD)
and hTERT expression in viable prostate cancer cells follow-
ing NHT were immunohistochemically examined using 50
prostatectomy samples. Results: Dephosphorylated FADD
{S194A) overexpression enhanced hTERT expression and
telomerase activity, resulting in increased cell proliferation
and invasion capacity. In Kaplan-Meier survival analysis, the
patients with prostate cancer expressing low levels of p-
FADD and high levels of hTERT had significantly higher rates

of biochemical recurrence than those with high p-FADD and
low hTERT expression (p < 0.001). Conclusions: The phos-
phorylation status of FADD at serine 194 could strongly af-
fect survival and invasion of prostate cancer cells via modu-
lation of hTERT expression and telomerase activity. p-FADD
and hTERT expression may have potential as new biomarkers
predicting the biochemical recurrence after NHT.

Copyright © 2009 S. Karger AG, Basel

Introduction

Prostate cancer is one of the most commonly diag-
nosed cancers, and one of the leading causes of cancer-
related deaths around the world, including Japan. The ra-
tionale for combined modality treatment, such as radical
prostatectomy and external beam radiation therapy with
neoadjuvant hormonal therapy (NHT), has recently at-
tracted attention, although not yet established in the rou-
tine clinical practice. For patients undergoing radical
prostatectomy, NHT has reportedly achieved good re-
sults [1]. However, NHT does not yield any improvement
in the overall and disease-free survival [2], and it remains
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controversial whether NHT before radical prostatectomy
is useful for cancer control. Moreover, we have no bio-
logical markers to assess the malignant potential of viable
cancer cells (so-called hormone-resistant cells) following
NHT to predict cancer progression. Unfortunately, mor-
phological assessment of the therapeutic effects using
radical prostatectomy specimens does not significantly
correlate with the biochemical recurrence rate.

The Fas-associated death domain-containing protein
(FADD) was originally identified as an adapter molecule
for Fas-mediated apoptosis [3, 4], and it is now wellknown
to play an important role in the formation of the death-
inducing signaling complex following Fas stimulation
[5]. Recent reports have shown that FADD is exclusively
phosphorylated at the C-terminal serine 194, specifically
at the G2/M cell cycle arrest, suggesting a close associa-
tion with cell cycle regulation [6]. FADD is phosphory-
lated at serine 194, which is implicated in cell cycle pro-
gression but not associated with the sensitivity to Fas-me-
diated apoptosis. Analysis of FADD mutant null mice
revealed that FADD also plays a role in embryonic devel-
opment, cell cycle control and proliferation of lymphoid
cells [7, 8]. Moreover, we have demonstrated that the
phosphorylated FADD (p-FADD) is highly expressed in
prostate cancer cells of lower Gleason score using prosta-
tectomy samples without NHT [9]. Taken together, FADD
phosphorylation could lead to suppression of prostate
cancer progression. However, the biological role of the
dephosphorylated FADD in prostate cancer cells has not
been identified yet. Moreover, it remains unclear whether
the phosphorylation status of FADD is modified in re-
sponse to NHT or not. We focused on human telomerase
reverse transcriptase (WTERT), which is involved in can-
cer growth [10], as the downstream molecule of the de-
phosphorylated FADD.

In this study, we investigated whether the phosphory-
lation status and hTERT expression in cancer cells could
be useful biomarkers to estimate the malignant potential
and to predict the prognosis of human prostate cancers,
and moreover, whether these molecules might be the best
therapeutic targets.

Materials and Methods

Cell Culture, Plasmids and Chemicals

Human prostate cancer cell lines (PC-3) were purchased from

American Type Culture Collection (Manassas, Va., USA) and cul-
tured in RPMI supplemented with 10% fetal bovine serum. FLAG-
tagged human FADD and mutant FADD: §194—~A (dephosphor-
ylation-mimicking form) and §194—D (phosphorylation-mim-

294 Pathobiology 2009;76:293-302

icking form) were prepared as described previously [11].
Anti-wild-type FADD (WT-FADD) was purchased from BD
Pharmingen (Tokyo, Japan); anti-p-FADD at §194 from Cell Sig-
naling (Beverly, Mass., USA) and anti-hTERT from Santa Cruz
Biotechnology (Santa Cruz, Calif.,, USA).

Reverse Transcription-Polymerase Chain Reaction

RNA was extracted with Trizol reagent and subjected to reverse
transcription-polymerase chain reaction (RT-PCR) using the one-
step RT-PCR kit (Qiagen, Tokyo, Japan) according to the manufac-
turer’s protocol. The PCR condition was at 94°C for 1 min, at 59°C
(LTERT)/60°C (GAPDH) for 30 s and at 72°C for 1 min, for 35
cycles. Human specific primers, which we designed using the
Primer Quest program, were purchased from IDT (Coralville,
Iowa, USA). hTERT-F, 5'-CTACTCCTCAGGCGACAAGG-3';
hTERTR, 5“TGGAACCCAGAAAGATGGTC-3% glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH)-F, 5-ACCACAGTC-
CATGCCATCAC-3, and GAPDH-R, 5 TCCACCACCCTGTT-
GCTGTA-3" were used. The PCR products were analyzed on 1.5%
agarose gel and visualized by ethidium bromide staining.

Telomeric Repeat Amplification Protocol Assay

The cells were homogenized in lysis buffer and 0.5% 3-[(3-
cholamidopropyl)dimethylammonio]-1-propane sulfonate, and
incubated on ice for 30 min. The cell lysate was clarified by cen-
trifugation at 14,000 g for 20 min at 4°C, and the supernatants
were freshly frozen at —-80°C. Telomerase activity was determined
using the TRAP-eze telomerase detection kit 57700 kit (Chemi-
con International, Temecula, Calif,, USA). The gel was stained
with silver using Ezstain Silver (Atto, Tokyo, Japan).

Chick Chorioallantoic Membrane Assay

In vivo cancer cell invasion and intravasation assays were car-
ried out using 11-day-old chick embryos wherein 10¢ cancer cells
transfected with the green fluorescent protein (GFP)-encoding
vector pEGFP (Clontech, Palo Alto, Calif., USA) with FLAG-
tagged human FADD and mutant FADD (S194A FADD and
$194D FADD). After 24-hour culture, the cells were seeded on the
chorioallantoic membrane (CAM) for 3 days [12]. After collection
of the CAM samples, the tissues were fixed and stained with anti-
GFP. Thereafter, the number of invading cancer cells positive for
GFP was counted in three or more randomly selected fields. At
least three CAMs were used in each experiment.

Cell Viability Assay

The cells were cultured in a medium containing fetal bovine
serum for 4 days. After incubation, MTT [3-(4,5-dimethylthia-
zol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfonyl)-2H tetra-
zolium, inner salt] reagent (Promega, Tokyo, Japan) was added,
and optical absorbance at 490 nm was measured every day using
a microplate reader [11].

Terminal Deoxynucleotidyl Transferase-Mediated dUTP Nick

End Labeling Assay

We detected DNA cleavage, a characteristic of apoptosis, using
the terminal deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL) assay, as directed by the manufacturer
(GenScript, Piscataway, N.J., USA). Images of nuclear fluores-
cence typical of apoptotic cells were taken by fluorescence mi-
croscopy as previously described, examining at least 600 cells
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Table 1. Patient characteristics at diagnosis

Characteristics Biochemical recurrence p value
yes (n = 18) no (n = 32)

Mean age, years 69.6 69.4 0.71
PSA 41.1 16.5

<10 ng/ml 2(11%) 14 (44%)

10.1-20 ng/ml 3(17%) 12 (38%)

220 ng/ml 13 (72%) 6 (19%) 0.001
Gleason score

<6 2 (11%) 15(47%)

7 10 (56%) 5 (16%)

8-10 5 (28%) 10(31%)

Unknown 1(6%) 2 (6%) 0.015
Clinical stage

Tlc 0 12 (38%)

T2a-b 12 (67%) 15 (47%)

T3-4 6 (33%) 5 (16%) 0.010

from three different fields in each experiment; cell death was ex-
pressed as percentage of the TUNEL-positive cells [13].

Patients and Treatment

We used tissue specimens from 50 patients considered as non-
effective cases of NHT who underwent radical prostatectomy fol-
lowing NHT between 1997 and 2004 at our hospital. ‘Non-effec-
tive’ case means that almost all cancer cells were viable or less
than one half of cancer cells were non-viable. The patients’ age
ranged from 53 to 75 (median: 70.5) years. The median prostate-
specific antigen (PSA) level at biopsy was 13.95 ng/ml (range: 6.0~
36.3 ng/ml; Tandem-R assay). NHT consisted of maximum an-
drogen blockade with a luteinizing hormone-releasing hormone
agonist either alone (8 patients/16%) or combined with an anti-
androgen agent {42 patients/84%) The median NHT duration was
6.6 (range: 4-12) months, All patients underwent serum PSA test-
ing atleast every 3 months after surgery. A PSA level 20.2 ng/ml
after surgery was defined as biochemical recurrence. The median
follow-up period after radical prostatectomy was 45.7 (range: 17-
102) months. The Human Ethics Review Committee of Nara
Medical University approved the study protocol. The PSA levels
at diagnosis, the Gleason score at biopsy and the clinical T stage
are shown in table 1.

Immunohistochemistry

The sections were incubated for 16 h at 4°C, and the reactions
were visualized using a Histofine SAB-PO kit and diaminobenzi-
dine as chromogen (Nichirei, Tokyo, Japan), with hematoxylin
counterstaining.

Statistical Analysis

Fisher’s exact probability tests were used for the assessment in
the proliferation assay and the clinical parameters of biochemical
recurrence. Wilcoxon signed-rank tests were used to evaluate the
invading cancer cell numbers of mutant FADD and the relation-

p-FADD and hTERT Expression in
Prostate Cancer

ship between the percentages of p-FADD-positive cells and the
intensity of hTERT expression. Kaplan-Meier survival curvesand
log-rank tests were used for survival analysis of biochemical re-
currence. The results were considered significant if p <0.05.

Results

Phosphorylation Status of FADD at $§194 Correlates

with hTERT Expression and Telomerase Activity

To clarify the effect of the dephosphorylated form of
FADD on telomerase activity, we constructed PC-3 cells
stably overexpressing FLAG-tagged plasmids encoding
the wild-type and mutant form of FADD, in which serine
194 was replaced by alanine (S194A, mimicking dephos-
phorylated FADD) or glutamate (S194D, mimicking p-
FADD). Among several clones resistant to hygromycin
B, we selected a single clone fully expressing the wild-
type or mutant forms of FADD, as determined by immu-
noblotting using anti-FLAG antibody (fig. 1A). The level
of expression of h\TERT mRNA and protein was minimal
in the control clone (expressing hygromycin-B-resistant
gene only), but it was greatly increased by overexpression
of the wild-type or S194A FADD, resulting in enhance-
ment of the telomerase activity in PC3 cells (fig. 1B, C).
In the clones overexpressing $194D FADD, both hTERT
expression and telomerase activity were not significant-
ly changed, indicating that the dephosphorylated form
of FADD might play an essential role in the telomerase
activity through inducing hTERT in prostate cancer
cells.

Phosphorylation Status of FADD at §194 Regulates

Prostate Cancer Proliferation, Invasion and

Sensitivity to Anti-Cancer Agents

Next, we examined the effects of the phosphorylation
status of FADD at serine 194 on cell proliferation by
MTT assay. As shown in figure 24, the cell number in-
creased to the same extent within the 48-hour incuba-
tion in the controls and clones expressing the wild-type
and mutant form of FADD. However, thereafter, the
proliferation rate of cells was much more increased in
the clones expressing the wild-type or S194A FADD
than in those with §194D FADD expression or the con-
trol. Finally, the effects of FADD phosphorylation on
cancer invasion were analyzed using the in vivo CAM
assay. The cells were transfected with vector encoding
GFP for 12 h, and then implanted on CAM. After 5 days,
the membranes were extracted and the invasion capac-
ity was assessed by examining the number of GFP-pos-
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Fig. 1. The phosphorylation status of FADD regulated hTERT ex-
pression and telomerase activity. The sequence of the C-terminal
domain of FADD harbors key phosphorylation sites at serine 194.
PC-3 cells were transfected with the hygromycin B resistance gene
with a FLAG-tagged vector encoding S194A and $194D mutant
FADD and WT-FADD. A Whole lysates overexpressing A194,

itive invading cells as identified by green fluorescence
(fig. 2B). The invading cell numbers were significantly
increased by the wild-type or S194A FADD overexpres-
sion but not by S194D FADD (fig. 2C). When we ob-
tained graft samples on day 3 after implantation, the
numbers of invading cells were not significantly differ-
ent among these clones, being consistent with the results
of the in vitro MTT assay (data not shown). Taken to-
gether, the dephosphorylated form of FADD could en-
hance cell growth and invasion capacity in human pros-
tate cancer cells. In addition, we examined the sensitiv-
ity of anti-cancer agents in the clone overexpressing
empty vector, WT-FADD, S194A and S194D using

TUNEL staining. The sensitivities of PC3 cells to cis-

platin and etoposide were greatly increased by overex-
pression of the wild-type and §194D FADD. Moreover,
the sensitivities to cisplatin and etoposide in the clones
expressing $194D FADD were higher than in the wild
type. In contrast, in the clones overexpressing S194A
FADD, the sensitivities to cisplatin and etoposide were
not significantly changed, indicating that the phosphor-
ylated form of FADD might induce the susceptibility to
anti-cancer agents (fig. 2D). Nonetheless, the dephos-
phorylated FADD did not reduce the susceptibility to
anti-cancer agents because PC-3 is originally less sensi-

296 Pathobiology 2009;76:293-302
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D194 and WT were examined by Western blotting using anti-
FADD and anti-actin antibodies. B RNA was extracted, and RT-
PCR assays were done to detect hTERT mRNAs. Whole lysates
were examined by Western blotting using anti-TERT and anti-ac-
tinantibodies. C Cell pellets were collected and subjected to TRAP
assay.

tive to the anti-cancer agents. To clarify the induction
of apoptosis by FADD transfection, we examined the
apoptotic status by TUNEL staining. The transfection
of FADD induced apoptosis, but the rates of apoptosis
were only minimal. Besides, induction of apoptosis was
not significantly different between the clones express-
ing WT-FADD, 5194A FADD and S194D FADD (data
not shown).

Expression of Phosphorylated FADD/hWTERT in

Prostate Cancer Cells and Biochemical Recurrence

following NHT

FADD, p-FADD and hTERT expressions were immu-
nohistochemically analyzed using radical prostatecto-
my samples following NHT. As shown in figure 3A,
FADD was equally expressed in the cases with and with-
out biochemical recurrence. Nevertheless, p-FADD ex-
pression at serine 194 was increased in cancer cells with-
out recurrence. Phosphorylated FADD expression was
considered positive when >15% (median level in all
specimens) of the cancer cells showed positive immu-
nostaining. As demonstrated in figure 3B, Kaplan-Mei-
er analysis showed that the biochemical recurrence-free
survival rate of the p-FADD-positive cases was signifi-
cantly higher than that of the -negative cases (p <0.001).
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Fig.2. Phosphorylation status of FADD at serine 194 regulated the
cell proliferation and invasion in prostate cancer cells. A PC-3
cells were co-transfected with a B-gal-encoding vector with and
without FLAG-tagged WT-FADD and mutant FADD (S§194A and
$194D). After a 1-day incubation, cell survival after 2, 3 and 4 days
in the medium was analyzed by MTT assay. The experiments were
performed at least in triplicate. B, C PC-3 cells were transfected
with GFP-encoding plasmids in the presence of control, WT-
FADD, S194A mutant FADD and $194D mutant FADD. After

In contrast to the p-FADD, hTERT was not or little ex-
pressed in the cancer cells without recurrence, whereas
it was highly expressed in those with biochemical recur-
rence (fig. 4A). In the present study, the intensity of im-
munostaining of hTERT was divided into three levels
(mild, moderate and strong), and it closely correlated
with protein expression levels assessed by immunoblot-
ting (fig. 4B). Furthermore, the biochemical recurrence-
free survival rate of the patients with low levels of A\TERT
was significantly greater than in those with high-level
expression (p < 0.001; fig. 4C). There was a significant
inverse correlation between the percentages of the p-
FADD-positive cellsand the staining intensity of h\TERT
as follows: the positive percentage of the p-FADD was

p-FADD and hTERT Expression in
Prostate Cancer

24 hin culture, cells were plated on CAM, and grafts were collect-
ed after 3 days. The tissues were fixed and stained with anti-
GEP, and, thereafter, the number of invading GFP-positive cancer
cells was quantified in three or more randomly selected fields.
D p-FADD at serine 194 induced susceptibility to anti-cancer
agents. After a 48-hour incubation with 10 uM cisplatin and eto-
poside, the apoptotic rates induced by these agents were analyzed
by TUNEL stain.

28.9 + 12.1,15.6 * 10.8 and 10.5 * 6.1% in the mild,
moderate and strong intensities of hTERT, respectively

(fig. 5).

Discussion

We have already demonstrated that transition from
dephosphorylation to phosphorylation of FADD at ser-
ine 194 could lead to cell cycle arrest and growth sup-
pression in human prostate and breast cancer cells [9].
However, the biological roles of dephosphorylated FADD
in prostate cancer cells have not been investigated yet. In
our present in vitro experiments using the wild-type or
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Fig. 3. A Phosphorylation status of FADD
at serine 194 in prostate cancer cells. The
specimens were obtained from patients
undergoing radical prostatectomy follow-
ing NHT with (a, b) and without biochem-
ical recurrence (¢, d), and were stained
with anti-FADD (a, ¢) and anti- p-FADD
(b, d) antibodies. a, ¢ X100. b, d X200.
B Kaplan-Meier biochemical recurrence-
free survival curve according to p-FADD
expression (log-rank test: p < 0.001). p-
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nostaining.

phosphorylation-/dephosphorylation-mimicking  mu-
tant forms of FADD and human prostate cancer cell
lines, we clearly demonstrated for the first time that the
dephosphorylated FADD significantly enhanced cancer
cell growth throughinducing hTERT expression. Telom-
erase is a ribonucleoprotein enzyme with specialized re-
verse transcriptase activity that catalyzes the synthesis
and extension of telomeric DNA [14, 15]. The telomerase
complex is composed of the catalytic subunit reverse
transcriptase protein hTERT [16], the telomerase RNA
template subunit, hTR [17] and other associated proteins

208 Pathobiology 2009;76:293-302

[18]. Telomerase activity is typically absent in most nor-
mal human cells, but it is expressed in nearly all human
cancer cells. Besides, a strong correlation is observed be-
tween h'TERT mRNA expression and telomerase activity
in various epithelial cancers indicating that hTERT may
be mostly transcriptionally regulated [19]. The activity
of telomerase, h"TERT induction and cancer cell prolif-
eration were accelerated by overexpression of the wild-
type and dephosphorylated mutant FADD. Moreover, it
was more prominent in cases showing overexpression of
the dephosphorylated mutant FADD (S194A) but not the
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Fig. 4. hTERT expression in prostate cancer cells. A The speci-
mens were obtained from patients undergoing radical prostatec-
tomy following NHT with (a) and without biochemical recur-
rence (b). They were stained with anti-TERT antibodies. x100.
B Immunohistochemical staining intensity of \TERT was divided
into three levels (mild, moderate and strong). Immunoblotting
analysis of TERT protein expression in the specimens from the
patients undergoing radical prostatectomy and NHT. C Kaplan-
Meier biochemical recurrence-free survival curve according to
the hTERT expression (log-rank test: p <0.001).

phosphorylated mutant FADD (§194D). Similar results
were also observed regarding the invasion capacity as
follows: the invading cell number of the prostate cancer
cell line was significantly increased compared with the
wild-type and dephosphorylated FADD, but not by the
p-FADD. These FADD-mediated effects on cell prolif-
eration and invasion were strongly suppressed by silenc-
ing of hTERT by siRNA transfection (data not shown).
hTERT induction and its dependent increase in telomer-
ase activity are considered to be mainly involved in the

p-FADD and hTERT Expression in
Prostate Cancer
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mechanisms. To verify this hypothesis, we examined
several molecules associated with invasion or migration,
including matrix metalloproteinases 2 and 9, and uroki-
nase-type plasminogen activator, but the protein/mRNA
levels or gelatinolytic activity was not significantly
changed by FADD overexpression. In addition, the fold
increase in cell proliferation by FADD transfection was
almost similar to that of the invading cell number
(fig. 2A, C). Therefore, FADD status-mediated enhance-
ment of cancer invasion is closely dependent on the in-
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Fig. 5. Box plots showing the correlation between the positivity
for the p-FADD and the intensity of h\TERT.

crease in cell growth. FADD is a well-known key mole-
cule that mediates apoptosis induction by Fas, tumor ne-
crosis factor (TNF) or TNF-related apoptosis-inducing
ligands, and the cells lacking FADD show resistance to
receptor-mediated cell death [20]. In contrast, Chen etal.
[21] have recently provided evidence for a strong correla-
tion between overexpression of FADD mRNA and pro-
tein in human lung adenocarcinomas and a poor clinical
outcome. Furthermore, Amit et al. [22] demonstrated
that FADD could induce NF-«B, which plays a central
role in tumor development, progression and therapy.
Taken together, FADD and the dependent signals have
suppressive and promotive effects on human cancer [23].
In contrast to our present data, Chen et al. [21] indicated
that the phosphorylated form of FADD induces NF-«B,
perturbs the cell cycle and is associated with progression
of the biological behavior of lung adenocarcinomas. A
recent study on acute myeloid leukemia has shown that
the absence or low expression of FADD protein is a poor
prognostic factor [24]. These contradictory results might
be due to cell-type-specific aberrations in dichotomous
FADD-mediated pathways that regulate both cell growth
and apoptosis. Studies using immunohistochemistry
and subcellular fractionation analysis revealed that
FADD is a predominantly nuclear protein in many cell
lines [25, 26]. Our present results showed that the phos-
phorylated form of FADD was localized in the nucleus,
whereas FADD was localized in both the cytoplasm and

300 Pathobiology 2009;76:293-302
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nucleus (fig. 3A). Consequently, we speculate there are
key proteins localized in the cytoplasmic fraction that
can interact with the dephosphorylated FADD and trans-
locate into the nucleus followed by acceleration of hTERT
transcription. As we still have no conclusive evidence,
this issue should be further evaluated. We found no mu-
tation at serinel94 in prostate cancer specimens in the
present study (data not shown). Therefore, transition
from dephosphorylation to phosphorylation might be
the best target for a useful cancer therapy. Taxanes are
reportedly one of the candidates that can successfully
phosphorylate FADD at serine194 [9, 27]. Since taxanes
including docetaxel are useful anti-cancer drugs for
prostate cancer and are currently used worldwide [28,
29], EADD phosphorylation can be a biomarker to evalu-
ate the therapeutic outcome.

A more important finding in the present study is that
the p-FADD at serine 194 and hTERT expression are
available biomarkers to predict the biochemical recur-
rence following neoadjuvant androgen withdrawal ther-
apy. Increased positive percentage for the p-FADD and
Jow expression of hTERT are significantly associated
with a good prognosis following NHT. Furthermore,
there was a strong correlation between the percentages of
positive cells for p-FADD and the intensity of \TERT, and
this is consistent with our analyses in vitro and in vivo.
The prostate cancer cells used in the immunohistochem-
ical analysis were all morphologically determined as ‘vi-
able’ cells, and therefore, these biomarkers can estimate
the clinical effects of NHT independently from the mor-
phological or pathological assessment.

To date, there are no useful tools to analyze the thera-
peutic effects using radical prostatectomy samples fol-
lowing NHT other than the pathological methods. How-
ever, it is well known that the morphological analysis
tends to lack reproducibility and reliability, because due
to marked degeneration of the remaining cancer cells, we
cannot accurately assess whether the cells have low or
high malignant potential or no malignancy by patho-
logical examinations only. In fact, we have encountered
cases with good outcome although the pathological as-
sessment showed poor response to NHT. From the pres-
ent data, the positivity for the p-FADD and hTERT could
be a novel marker to determine whether the therapeutic
response is good or not. In our previous report, WT-
FADD expression in both normal prostate epithelial cells
and cancer cells was not significantly different [9]. The
present study showed that the expression of WT-FADD
in a patient with biochemical recurrence was equal to
that in recurrence-free cases. Thus, we suggested that
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dephosphorylated FADD could enhance hTERT expres-
sion of prostate cancer following NHT. Furthermore, in-
duction of dephosphorylated FADD to p-FADD, i.e. re-
duction of the dephosphorylated FADD by NHT, might
improve the therapeutic benefit. On the other hand, no
induction of p-FADD by NHT was associated with a
poor prognosis. In addition, p-FADD enhanced the sen-
sitivity to anti-cancer agents, but dephosphorylated
FADD did not change it (fig. 2D). We found that FADD
phosphorylation at Ser194 was associated with paclitax-
el-induced upregulation of MEK kinase 1 expression and
enhancement of the downstream c-jun NH2-terminal
kinase (JNK) pathway by which prostate cancer cells
were highly sensitized to apoptosis by etoposide or cis-
platin. We speculated that the enhancement of TERT
modulating the dephosphorylated FADD could impli-
cate inhibition of JNK activation or inhibition of the JNK

The initial purpose of this study was to determine a
useful predictor of biochemical recurrence in patients
who underwent radical prostatectomy with NHT. A de-
cade ago, lots of patients received NHT prior to radical
prostatectomy. Indeed, 48.5% of patients had NHT at our
institute between 1997 and 2004. Nowadays, most pa-
tients who undergo radical prostatectomy are hormone
naive. Therefore, an additional study similar to this one
is currently being conducted on hormone-naive patients
who underwent radical prostatectomy.

In summary, the transition from the p-FADD to the
dephosphorylated form of FADD induced the activation
of telomerase through hTERT transcriptional activity.
Moreover, p-FADD and hTERT expression have poten-
tial as new biomarkers to predict the rate of biochemical
recurrence in patients undergoing radical prostatectomy
following NHT.

induction of apoptosis.

collagenase MTI1-
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